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WATERTOWE ARSENAL LABORATORY

MEMORANDOM REPORT NO. ¥AL 710/756

Partial Report on Proehlem B-8.2

23 June 1945

Resistance of Varinus Laminates to Perforation

by Iragment-Simulating Projoctiles

1. At the requast gf the Offios, Chief of Ordnancel~8 and the Boston
Ordnsnce District Office’, tests have been conducted at this laboratory over
& period of several months on various laminated materials. As each test has
been concluded the results have been roportedlo‘ls, but this is the first
attempt to integrate the results of the various tests.

2. In an attempt to simulate in a ballistic limit teet the effects of
attack dy fragments of high-explosive shell, several projectiles have been
developed at this arsen:’ 921, since the rasults of actual fragmentation
tests have become known, {t has becoms apparent that the results of tests
nads with these projectiles do noi oorrelate with the results of attack by
actual fragments, wvhen the resistance of diffsrsnt =aterials ie deing
ascertained. There is some evidence, however, that as regards a single
material and, perhaps, even a class of materials, the results of these tes's
may be used to shed light on their resirntance to actual fregments. It is
with this latter hops that the present report is being prepared so that if
such use can bde made of the resulte of these tests, an analysis of them will
be availsble.

3. 7The results of the various tests conductsd here &re recited in Tables 1
through VIII. Tadles 1I and X list the various samplea in order of figures
of merit with regard to their resistance to cal. .45 ball projectiles and
cal. .22 fragment-simulating prolectiles, G-2, respectively. These figures of
merit have beon datermined on the basis of the relationship between the re-
sistance of a sudject sample to psrforation by a given projestils and that
wvhich is characteristic of samples of Hadfield manzanese stsel of equivalent
weight. Tables XI and XII list aversgs figures of merit for general types of
laminates.

4. It is thus readily appareat that under doth types of projectile
impast the Doron (Zypo )) samples were iuperior to othsr samples tested and
those which incorporated a rudbder element into their make-up were dscidedly
inferior. Yhs SI° panels, because ¢f variously efficient adhesion betwsem
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the slements Dehaved variously but on the whole were above average. The
IFiverglas (X1551) samples, which structurally resemble ths Doron samples did
not attair the efficiency of ths latter. Howewer, they exhibited reasonatle
resistance to perforation by the cal. .45 ball projectiles.

5. Althocugh under actual frasmentation tests of high explosive shell,
Doron does exhidbit resistance to perferation superior to that of Hadfield
manganese risel and this superiority is reflected in ths figures of merit
l1isted in Tables IX and XI, with respect to perforation by cal. .U5 ball
projectiles, this should not be taken to be indicative of a correlation between
the two teste. The resistance of other laminates $o perforaticn hy actual
fragments is not reliably knoewn and it m=v develop that a materisl offering
lov resistance to the subject tests might afford high resistance to actual
fragments. In addition thers are indications that Doron owes its superiority
cver Hadfield manganese steel under those two %ests to different charactsristies.
Its superiority under attack by the cal. .45 ball projectile is undoubtedly
attridutadble to its unique adbility to absorb projectile energy by delaminating
over a wide area prior to local failure. Its supsriority under attack by
actual fragments seems more to be attridbutable to its greater thickneas, and
widespread delamination does not occur.

6. Thus it would appear that until more is known about the resistance
of these verious types of laminates to antusl fragments, no predictions con-
cerning their probadle resistance to such attack can be made on the basis of
ballistic limit tests.
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{ J. F. 3ullivan
Asst. Engineer
APPROVED:
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Resaarch Netallurgist
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TABLS I

(Dsference - Repart No. WAL 710/641)
-Summary of Balllstic Tests Conducted at Watertown Arsenal on

Various Plastic Materials (Dorom) Submitted by Quartermaster Corp.

Ballistic Limits (¥/8)

. Caliber .5l
Qurtermaater Equivalent Xxoom iTCer Room Temperature .

Identification  Steel Oauge Tasp. =-60°F. Immersion 0-1-a° 0-1-87 0-2

-

R-141 .029n 895 - - gho 760 116
BR-4Oka ,0l0" 10l - - 75 - 901 1?3)
R-LONy .ol » 1027 - 1006 435 906 1460
R-1 Ol ® - - - 508 910 -
BR-1 O 1 - - 495 1009 1478
R-16¢ .Oli2» 9 - - ‘488 973 1283
R-15C .Ol2e g7k - - 13 1043 1370
R-147 .LOlu2 1060 - - 75 1030 -
R-117 .Olse 1104 - - 4g3 10300 -
R~159 LOle 1105 = . 453 i
R-116 Ol 1152 - - lssgg 1065 1&*3
R-124 LOlse 1117 1124 - 975 1443
B-123 LOu6r 1098 1123 - 532 955 1430 -
R-120 LOlgr 1162 1173 - kg 1165 -
B-113 LO47% 1104 1118 - hhs 998 13k

TYor Comparison: :

Had?1eld .030# 704 - - - g£15 121%
Hanganese . 04O 900 - - - 900 160G

Steel .O0ls5e 950 - - - 1050 1675

1. Oalider .45 (steel-jacketed) ball projectile - 230 grainms.

2. Caliber .30 fragment-simulsating projectile - 150 grains.

3, Qaliber .30 fragment-simulating projectile - 34 grains.

4. Calider .22 fragment-simulating projectils 17 grains.




TARLE 11
(Reference - Report No. WAL 710/699)

Sumnary of Ballistic Tests Conductud at Watertown Arsenal on
Samples of Doron (Type $1) Which Had Previously Been Subjected to
Direct 20 mm. E.E. Fregmentation Tests at Adberdeen Proving Ground

Ba_listic Limit (P/S)

Sample Cal. .45 G=2
(Samples fired at room texzperature, as-received):
RrUTNG 1011 1348
BRUTLY 1010 1350
RUTUL 973 13
RUTHO 909 1332
RUTLUN 1035 1
RUTUK 1039 1378
RUTUE 1041 1408
R580A 1060 1346
R5754 101 1275
R582C 101 1373
(Semples fired at -65° at end of Wth phase of weathsring cycle):
R5734 1030 -
R582F 1021 -
nsgoc 1031 g
R% - 1
R57%: - 1368
R579C - 1344
R575D = 1285
(Samples fired at room temperature at end of Lth phase of weathering cycle):
. R579C 1065 =
R572B 1117 -
R579D 1175 -
(Samples fired at +175% P. at end of Sth phase of weatbering cycls):
R58:a 1057 -
25718 1096 -
R5T4D 1060 -
R578R - 1270
R579D - 1415
R =

aggu %27

R5]63 - 1&3

(Samples fired at room temperature at end of 5th phase of weathering cycle):
R577D 10 -
257£¥ 1oi§ -
R57 1086 =

(Samples fired at +175°F. after a hot phase of the weathering cycle during
which temperaturs of cadbinet rose adove 20C°7. for a period of several hours).

R5758 €80 -
B5775 869 =
R5E3D 836 -
B573A 680 -
R58 676 -

B57 805
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Summsry of Ballistic Tests Concucted or Samples of Plestic laminates

Submitted by Victory Plastics Co.
(Reference - Report Fe. WAL T10/732)

SerpYe Saiv. Ballistic Limit

Welght Steel _ val. .h51 G-1-3° G-

o Make-Up of Sample Sample 3ize (Grams) Gauge Reg, Act. Reg. acts. Reqs Act.

v

10144k

luly-bb

192 ki

TIGGA
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sent. 1« ly Vinylite (L.OCh®) niterrnate
layere, molcing presscre 20U 12s. per sc.

11 plyj Floerglnss =00-11-1€4 coated witn 6B o=13fbaxo-3/Ur 28.C 029" 5

- - 760 €375 o
svlon. 11 Ply Hi/ten Hayon 2 o01r. alternate
layers. Coated with 63 ¥ylon solution, mold-
ed at 1200 1oe. per sg. in. for 15 min. at
10 F. :

1- ply Fioerglass sCo-11-164 coated with 68 2=3/L*xp-3/Ur LA.O Q7% --
Nylon. 1+ ply Nylon € oz. alternate layers,

zoated itk 6B Nylom, molaing preesure 1500

lts. fer sqg. in. for L5 min. &t 320 7.

1L L1y Fiierglass all-11-16k coatec with AR ~=3/Uego-7/us 33,0 ,034% - -~ 8RO 775+7C - =
Nvloz. 1k ply Hi/ten Rayor 2 oz. wlterrate -

Jayers c~outed with €3 XNylon, molding pressure
1557 1bs. per. eo.. in. for 10 =in, at 320 ¥,

1 ply Fiberrlass ECC-11-1ALk coated with KB g1 Lg.0 0k1e - - 100C <865 - -—
Nylon. & ly Hi/ten Rayon 2 01. alternste
layers in bscx of s.mple, coatec with 6B
Xylon. Molcolme vressure 1500 1%e. per. sg.
ta. for 30U air, at 10 P,
1¢ "1y Tiderglass 222-11-1€k coated .ith AR L SL) 4r.c LOULY - -— 1000 <855 -— -
Sylon. A ply Nylen 6 or. alternste layers 'n
Thok portion af sezple.  Coetec »itn €3 Nylorn,
ot iing pressure 1700 158, far s ic. for
: T
10 tly Floerglass a2-11-1¢~ coatec with £B LLS &4 6.0 LLLCe - -— 98O <85 - —
Nylon. & o1y Hi ten hayon 2 0z. nliernate
layere {n tack tortior of sumple. Contec witn
Fr Nylon, 2olcing .ressure 1000 lds. per ag.
ser Momln. At 3P,
- 1y sluerslase all-11=16L., Hoth fadrics RS b 5.0 L,un6" -- - 1300 ¢91°F — -
woted witn Salva 19, e ply Nylon 6 Ox. anlter-
Lals lagevs. Molcing premsure D00 1ds. per wg.
$2. Tor 20 =2in. &t 'X% T,
= iy fioerglame a23-11-1AS. Eoin fadrics zoat- 3%xle «7.C N L -— 100¢ B3C+80 ~ -—
e. witr Zelva-lo. 1 ply h/ten Hayer 2 512,
lternute layers. Molulng pressure S0 1%s. jer
' te. for 3u zin, &t MY ¥,
1= 1y Fiderclass 220-11-1F%, 3Zoth fabrice iTx1e ~7.C Mt -- - 100 L0 apl - -
tel with selva-it, 1e ply 5, ten Hayon 2
2. alternate layeTs Aoleing pressure 10w
1ne, per sq. i, for 30 z:in., at IO F.
= ply Fierzlass 232-11-1€4, Heated in oven 2A~3/Lwxa-1/Le 12.C  O13e - - 2L0 ¢ELD — --
rrs. Wt <00 P one coutec with £3 Sylon.
letine ureseure YO0 1%a. zer w¢, !n. for 30
=iz, 3t yC P,
Snze at 10 Teha exce;t the Fi..  “lars wai 2ot Ivx® 5.0 L0 — - 260 <785 -~ -_—
rne.t irente ¢ the zolulng pressure reduced
1 1%e. per s, . !n.
3e a3 10°7<=3 ercept the 301lins pressure LS S 3.6 0337 - -~ 840 <7190 - =
was reluled 10 125 lus. per sg. in.
nma nn 1027543 and I except tie aolelng bAP 1 8.0 JCyv .- - 2L0 <780 —_ -
pressure was ‘acreased to 200 1de, per sq. in.
15 ply Piverglrse BCC2-11-15AL, Ko heat treat- ingye 4,0 .018n

~ - oy — -

N ': - b « 14

T S £ 9% . T

= 1120 <860 -— -




oo witn Galva-15. 14 ply K/ ten Hayon 2 oz, -
ternute layers. Molaing pressurs 200 los. per
8y, in. for 30 min, at 320 F.

2ehld 14 ply Fiberglass aCC-11-1€L, BotkL fabrics IMxN u7.¢c Lol -- - 1000 840 apr. — --
conted with Gelva-1%. 1b ply Hi/ten Rayon 2
oz, alternaie layers. Molcding pressure 100
lbe. per sg. in. for 30 min. at 320 F.

10274ka 14 ply Fiverglase ECC-11-1€%, Heated in oven 2-3/Unxz-i/Uw 32.C 0330 -- = gU0 ¢8LO == =0
o hrs, at 40C F. .n¢ coatea with £3 Nylen.
Foluine vressure 300 19s. per sc. in. for 3V
nin. at 320 F,

10074LE Same as 10p7uba except th
nent treated and the molu
to 150 1be, per sq. in.

\\ J507LUC 5 @e as 10774L3 except the molding pressure imzie 18,5  .0330 - .- 2l <790 - -

wug recuced to 1725 lue. per sg. in. |
1027LLD Ssme as 1027443 and O except tne meldlng Bl 18.C  .0318 - - 240 L1780 - -- |

& Fiderglaee was ot Ing3e 19,0 ,03Le — -- 260 <785 - -
ing pressure recduced

pressure was i‘ancreased to 200 lbs. per sq. irn.

1777548 14 1y Fiterglass BCC-11-1AL,  No heat treat- LLP S L L, 0 038" - == 940 gUS415  — -
ment. 1k 1, vinylite (C.OCL®) alternate
layers, wolcing pressure 200 1bs, per sc. in.

5 IS
for 30 min. at 3TC F.

GoT4LF saze ws 102755 evcept the molulng pressure Iz Ie Lz, ,037* — -— 920 REI+LE — 5
wiyn recuced to 150 lds. per sg. ia.
121UnLa 17 ply Fiverglass Z-1551i. 17 ply Vinylite 7-1/2%x7-1/2% 282 LU3E® G20 D839 == - S5 --
.07 ) nlterncte layers, m0laing pressurs
500 1be. per sy. in, for 30 min. at 310 F.

1071k s.xe as 1U31Lks except mclcing pressure was 7-1/2"x7-1/8% 256 .035* 910 SOhi;u -— -— -~ ==
recuced t0 275V 1%s. per sq. in.

10I1kLC * o1y Duck {(0.C80"). L ply Tenite II ES, 7-1/2%x7-1/2% 33 .J45" 1050 <512 - - - -
slternate layers, molding pressure 500 1bs.
per 3g. 'n. e 15 mda. wt 120°F.

Lvilesk 5 ply Zack {0.U80%), 5 ply Vinylite alter-  7-1/2%x7-1/20  — LoL2® 1000 <51k . - - -—
nnte layers, m0ldéing pressure 500 1ds., per
] 8., to. for 30 min. o 3°0 F. (0.00Ln)

10T14hG Sema me 1031-5F except 3 plys of each were 1-3/80x7-1/2% 269 L3370 950 CR09 — - - -—
usad in place of alternate layers of 5 each.

134aa ™ ply Tidergluss 4-1391. 299 Vinyllte T.E2x7 R 1g5 052" 1130 1108 — -- - -
7.006") alternste layers, molding pressure
“- . 1b3, per sy. in. for 30 mia, at 120 P,
113%83 20 ply Fidesglase X-1351. 22 ply Vizylite 1.h%x7 .60 350 LO4T® 1065 1000 - -~ - —
[L.00%") wlteraut» layers. Molding pressure
SL lre, per ag. ta. for 30 o, at 320 2.
11<bla 01 ply 7iverslass o02-108=-32, D31 ply Butwar g 1L 163 L0527 11101105 - -- -- -
<i)") alteraunte Yaysrs. Mcliing pressurs
B Al er . in, Jor 15 min. &t 130 F,
1ilda <o ply Fluoerglass 202-102-38 coated with 104 LABEL 150 R -- .- 1510 1078+63
- 13 I 7, Bityral on woth sicdes. PFPenetr-tiar
) 2 Ko
Tete., ¥o f’l\s resaure 500 1%&. per sec.
fer 3L ztin. mt 315 K,
11144 2 2% iy FiYer-lusa £02-378=32. 0% L1y sasan gay2n 52 LOn3r — - -- -- 1810 10
icreen (veldaj, xlternate layers., #Molding
Pressare S0l 10¢. per dq. in. f0- 35 315, ad
te T, .
‘ 110 waa Ov L1y Floerglass aci=124-32, 2 Liy 3tyroa CA T 252 LOTHE e -— - 1130 952+kg
Heio) wlteraate plye of atyrcn bYetwveean the B
"thoana l3in ply of Fivergluss. Moldleg
: s 500 158, per sy. fa. far 30 zia. at
iv f.
ev3 iy floerglass 231-125-38, 2 ply smery Tex7" Los LR - - -~ -- 1£30 1350
1otz No. ~U, Loplr Sutves (GL015%).  Emery
19tn flazss in Alterzante laysrs startisg
fres tre 1Wth ply of :‘.Var and Fiderglase.
Molzing pressure | 138, per sq. $a. for 30
in. at 28Q I.
115=5a 2D 31y X-13%1 Pivevelass coateéd wi'h a Yinyl Reyge 389 .Okl® 1030 »§52 - - -— -
fspersioa.. Xolitnpy cressure 500 1ds. per
sc. 1. fop 10 =ia. a- WD P,
N 117233 1% ply X-1351 Fiterklamsz coatel with a Vinyl goxge 59 LO4le 1030 <828 -— - = =
Lepersinm. 7 ) 2arorn coated with a Vinyl
ol rerdidn :lternate lay=-s: ta center portion
sples acliing preasure 250 1ds, per eg.
g 2dn, xt D ¥
“ 1y L")ﬁ‘ ?x:e slass coated with !1nyl 430 1015 ¢€X5
L Y ar =




Y
‘%"‘V‘ pwwww--__

/ it 4y vl b

] 500 1bs. per sa. ia. for 30 mia, at 320 F,
114kila 21 ply Fiherglasa £0C-128-38. 21 ply Butvar x5

F 168 .052% 1130<1105 — - - -
{0.015") alternate layers. Moléing pressurs
650 1bs. per sq. in. for 15 min. at 130 F.
111344A 40 pliy Fiberglass L05-128-38 coated with 104 guxgH 350 OU3 e - = == 1430 1078463
T13 P. V. Butyral on both sides. Penetration
compfeze. ¥oldlng pressure 500 1bs. per sg.
tn. for 30 ain. at 275 F.
1113448 23 ply Fiberglass 2CC-128-38. 23 ply Saran 8" x8" 352 TS L - . - 1410 ¢1025
screen (Velon), alternate layers. Molding
pressure 500 1vs. per sy. in. for 35 min., at
340 7,
1125444 24 ply Fiderglass EiC-128-38, 2 ply Styron gnxge 283 O34 - - -— - 1130 952:38
{H.V.) alteraate plys of styron bYetween the
17th ana 19th ply of Fiderglass. Molding
pressure 500 1bs. per sq. ia, for 30 ain. at
210 7.
1125448 20 uly Fioerglass £0C-128-38, 0 ply amery Thx] UoE  LOB4 -~ - - - 1830 1360
cloth No. 40, 21 ply Butvar (0.015"). Emery
cloth placed in alternate  ayers starting
from tke 14th ply of 3utvar ané Fiherglass.,
Molcéimg pressure 25C 1bs, per sq. in, for 30
2in. at 220 F.
115454 22 ply X=-1391 Fidergzlass coated with a Vinyl gnxg" 359 LOLLs 1010 »958 - - -— -
dlspersica.. Moliing vresasure 500 1ibs. per
su. in. for 10 min. at 340 7,
115L5B 15 ply X~1351 Fiberglass coated with a Vinyl gnxg" 759 LOlly® 1030 <828 - -- —_— -
éispursinn,. T ply Hayon coatec with a Vinyl
cispersisn :lternate layers in center porcion
nf sumple, molaing preassure 50 lbe, per sg.
tn. for 5 =2in, at 330 F,
115450 1S ply X-1951 Fiderglasz coated with Vinyl gux3" 153 .OL3e 1015 (825 - e- - -
dispersiza. G ply Eutver (C.005%) alteraate
lavers in cantsr portlon of sumple; molding
pressure "0 1de. per sy. im. for 10 =min. at
gl ¥,
11545 Same as 11743a exce.t the aclding pressure was gnxze 375 LOLEm 1050 gal+23 - - -- --
recused t2 130 19s. per sg. in. for 5 min. -
at 3o P
ilo4ns 20 ply X-19.1 Fiverglass - no coating. 1Y ply gryge 332 .0<0m 990 €309 - - - -
Sutvar (J.Ju5*, alternate layers; molding
yressure 1U0 123, per sy. in. for » zin. at
W T,
128kna-1 02 ply A-12°1 Tibeiglass, coalec with Vinyl 12"x11-1/2% Bu§ .OLg* 1079 26U Pace =~ -- -— ==
cispersion. Molaing preasurs £50 lbs. per €75 Rear
sq. $a. for 1. zin at 340 F.
Loabsan2 5 . . ) _apexiae 812 LOM1Y 1065 €20 -= - e -
1244)a=3 § q ¥ 12#212" 250 L0484 1075 821 - - - -
12=653-1 Si3e us 1245, except wolling pressire was 12%x1o* g15 LOLTe 1065 201 - - -~ -
tncre-sez *0 EW0 lie, per sy. in,
10hNn3=2 2 Y o 12%112° 294 LOuBY 1075 £US - -- -- —
120453 -3 ’ . » 12%x12" 251 LOug" 1075 £17 - - - -
12%L53-1 Suze as 17H4Sa wne 5 sxcept maliing pressure 12%xlo* 134 LOuze 1075 827 - -— - —_—
w&s lncreased to 1.0 19s. per sy. in,
1oush -2 * " . 12%x12e 895 Ckgw 1075 452 o -— -- -
120sh0-3 U U .. 12.11?. 85‘ .3545' 1\:75 819 - — - -
106anI=k . * L 129x) 029 b3 LClsg® 1075 £33 - - - -
12LL3 3-8 . - . 1>%x12* £ED JLuge 10715 £)2 — - -~ e
12%ani=Fh = 9 * 122312 LS LOlye 1065 817 - -- — -
1. lal..=% steel-Jackelea ball prejectile ~ 210 gruins
2¢ oCal.o} fragzsaat-cizalating projestile -~ 34 gruing
1. Cal..22 fragment-wizulsting projectile = 17 zraias
R
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TABLE VII
(Reference - Report No. WAL 710/281)

Summary of Ballistic Tesis Conducted at Watertown Arsenal on

Samples of *K Panels® Submitted dy the U. S. Rubdber Company

July Shipment

Bqulv.

Steel Balliat{f Limits
same Nake-Up Ids. Sq.Ft. Gauge Cal. .45 G-22
L Panel 0518 - 062" - .062* 1.93 LOl7e 880 —
K Panel .051% - ,062% - .062% 1.89 .olge - 1480
K Panel .051% - ,062% - ,062% 1.89 o T - 1350
K Panel .051* - .062* - .062" 1.85 .Ougs 824 -
K Panel .0ho® - ,062% - 0620 1.79 LOlye 922 =
X Pane) .0Lo® - 062" - 062" 1.84 .0ls" - 1332
K Panel .O64® - 0518 - ,051e 1.86 LOlge 865 -
K Panel LOf4e - 0518 - 051w 2.00 .Olge 179 i
K Panel .064" - 0519 - 051 2.00 .ohge - 1287
K Panel .064® - ,051% - 051w 2.10 L0510 - 1408
K Panel .072% - .051* - 051 2.20 054 829 =
K Panel .072* - .051% - ,051" 2.10 .gz;- 193 -
K Panel .072% - .051% - ,051°® 1.85 o5 = 1327
K Panel .072% - .051* - .051 2.10 L0510 - 1425
K Pml -125. = ’051. == -051. 2-83 -069. 1@6 =
K Panel .125% - .051% - .051% 2.83 .069* - 1620

Yor Compariwmon:

Hadfield Hangmnese

Steel

= -— .ol5e 950 1675

1. Cal. .45 wteel-jacketed ball projectile - 230 grains.

2. Cezl. .22 fragmnt-simulating projectile - 17 graine.

e A Tl




TABLE V111
(Reference - Report No. WAL 710/ 286)
Summary of Ballistic Tests Conducted at Watertowa Arsenal on
Samples of ®K Panels® Submitted dy U. S. Rubber Co.

Equiv.

Ave. Weight Weight Steel Ballistic Licits
Nomina) Make-Up Gross Thick. (Grams) Sq.Ft. Thick. Cal.. W51 6-22
L125%,051%-,0510 A .262% 1842 1754 073" — 1463
B . 2608 1820 1338 072" - 1405
c .266° 1844 1355 0738 -_ 12;!3

D .ggz- 1841 1353 0730 — |

z .26Us 1835 13 L0730 8T —

e - 255 1815 133 072 9% -—

B <2569 1811 13 072 9 -

1 .59 1855 15&3 074 380 —
.0]28-,051%-.0518 A '?oé: i},g % 053" i Bg
B ° . e =
c 27 1%6 1302 .o?ﬁ- - 1365
D 207" 13 917 053" - 1358
3 . 2058 133 980 .053% - 1323

r -203" 133 981 053" 157 —

o 198 13 97;  .053* 770 -

H  .204s 1342 98 .053e 15 -

I 2100 1370 1007 05ke 802 —

J 210 1305 959 .052* 8371 =
LOf4s-,051%-,0518 4 199+ 1270 .050% - 1170
B %g . 1287 .051# - 12733

c 207 1212 9 052 e 12
D . 2040 1309 6 0520 - 1302
)3 . 206" 1% .050% - 1318

) .1998 1 050" 798 —

¢ 202° 1305 g 2 02 -

. { 191 1273 051 18 -—

1 193 1308 961 052" M -

J 201" 1273 936 051°* 683 -~

.051%- 064 068" A 2088 1252 920 .Oa' — 126
3 Bg' 1242 1 Olge - 11

¢ . 1258 4 .gzg- - 13
D 23 12 1 LOlge - 1255
x 207" 1199 881 LOlg= - 1093

r 200 1233 906 olge 730 -

Q 201 1232 906 Olge 123 i

H 2000 1242 913 . 1 --

1 2088 1240 911 LOuge 7 -

3 199 1197 880 Olge 118 --
LOlO8- Ofls- 06N 4 .193s 11 g LOl5e -- 1143
B .190° 1145 2 Ol - 1175
c .192% 1176 864 LN - 1198
D .1908 1126 g28 LOb5e — 1128

b 3 .202° 11 * LOl5e - 1128

r .1858 11 sz: .8:2- 621 -

[t} .192¢ 1168 828 LOlge gz -

H 193 117 862 .w- —

1 .197e 11 18 .04k 650 s

J .190# 115 827 Ol e 655 -

Jor Comparison:

Hadf1eld Manganese Steel - -— - LOlU5e 950 16715

1. Cal. .45 stesl-jackated ball projectile - 230 grains.
2. Cal. .22 fragaent-simunlating projectile - 17 grains.




TABLE IX

Comparative Resistarce of Various Samples of Laminates

to Perforation by Cal. .45 Ball Projectiles

Equiv. Cal. .
Steel Ballietic zure
Material Gauge Limit of Merit* Reference
Nylon-Resin Combination .039e 367 n Table 11I
3-Decker, &-ply Eylon-Resin with 2A-ply  ayos 395 4y Table IV
Kylon Cured Rubdber Filler
Pibergias—Resin Combination .Ol3e 45 47 Table 111
3-Dacker, &-ply Fiberglas-Resin with .o40e uog hg Table IV
21-ply Nylon (Cured Rubber Filler
3-ply Duck iingZi;s";zifrf‘“1‘° #i5, .olge 512 53 Tadle V
>-Ply Duck iigfg;i;°5;§;{r:1‘311‘°' .Olize 514 56 Table V
¥ylon-Rubber Combination LOlise 569 €0 Table III
sK® Panel .0NO® - .064e - ,OGH® .0l4ge 621 65 Table VIII
SX% Panel .O64® - .051% - .051° .0519 683 68 Table VIII
*K® Panel .ONO® - .OGN® - 0G4 .Oliys 650 69 Table VIII
"{® Panel ,OLO" - ,O6N® - ,06u® .Olisye €55 69 Table VIII
*K® Panel .OHO® - .0G4® - _08hs .Ol7e 686 n Tadle VIII
*X® Panel .064® - .051e - 051 051 ns n Table VIII
*K® Panel .051% - .0Gh® - 064 .0lge 123 13 Teble VIl
"X Pane]l .051% - .064® - ,OG4e .0lg» 721 13 Table VTII
*k® Panel .051% - _O54% - ,O64s LOuge 130 T4 Table VIII
*X® Panel .ONO® - 064" - .OGus .Oug? 715 T4 Table VIII
*X® Panel .051" - .O6M® - .C6N4e .O4ge 780 75 Table VIIX
*X® Panel .O6N" - .051% - .051% .Olige 179 19 Tadle VII
*k% Panel .072% - .051° - .051¢ .051 793 19 Tadble VII
*X® Panel .051% - .OGH® - .OGNs .Olge 118 4] Tadble VIII
*K® Pane]l .OGH® - 0517 - .051* .050e 798 80 Table VIII
22-ply X1551 Fiderglas, coated with Vinyl .O47e 501 £3 sadle ¥

dispersion, molding pressure £00 p.s.i.




TABLE IX (CONT'D)

Material

22-ply X1551
dispersion,

22-ply X1551
diespersion,

22-ply 11551

Fiberglas, coated with Vinyl
molding pressure 800 p.s.i.

Piberglas, coated with Vinyl
molding pressure 1000 p.s.i.

Fiberglas, coated with Tiayl

dispersion, molding pressure 1000 p.s.i.

22-ply X551
diepersion,

22-p1y 11551
disperaicn,

22-ply 11551
di{apersion,

22-ply X155}
dispersior,

22-ply 11551
disperaion,

22-ply 11551
dispersion,

Fiberglas, coated with Vinyl
molding pressure 1000 p.s.i.

Fiberglae, coated with Vinyl
molding pressure 1000 p.s.i.

Fiberglas, coa.ad with Vinyl
wolding nressure 650 p.s.i.

Piberglas, coated with Vinyl
solding vressure 650 p.s.i.

Fiberglas, coated with Vinyl
molding rressure 1000 p.s.i.

Fiberzlas, coated with Vinyl
molding pregsure 100 p.s.i.

"K* Panel .051% - .062® - .0G2%

22-ply X1551
dispersion,

22-ply I15%51
dispersion,

22-ply X1551
éisnersion,

15-ply X1551
dispersion;

Fiberglasg, coated with Vimyld
molding pressurs 800 p.s.i.

Fiherclas, coated with Vinyl
molding pressure 1000 p.s.i.

Fiterglas, coated with Vinyl
molding pressure £59 p.s.i.

Fiderglas coated with Vinyl
7-ply Rayon coated with

Vinyl dispersion, alternate lsyeru in
center portion; 250 p.s.i.

15~p1y X155) Plberglas coated with Vinyl
dispersion; 9-ply Butvar (.005°); alter—
nate layers in center pertiom; >4 p.s.i.

20-ply 11551

Piverglas, ne coating;i9-ply

Butvar {(,005%); alternzte layers;100p.s.!.
*k* Fanel .O6k® - .051¢ - 051e
"sX* Panel .051% - .062% - .0R2*
oX® Panel .0NO® - .0£2* - .062®

Equiv,
Steel

Cange
Louge

.Olge
. O4ge
.ouge
Ol
.0Lge

.47

.0k6e
045

LOlige
043

048

of Merit® Reference

Cs'llo 0—)5
BalI1stic Figvre
Limit
817 83
812 g3
827 g4
819 gh
817 84
821 8h
£20 85
£39 £6
824 86
gak 86
PRI 87
862 83
860 £g
LY &8
£25 89
809 30
865 90
850 9
962 98
*

Table

Table

Takle

Table

Pablas

Table

Table

Table

Table

Table

Tatle

Table

Tabls

Table

Table

Tadle

Table
Table

v

v

)

v

YI1
Vi1

fadle V11




TABLE IX (CONT'D)

Equiv, Cal. .45
Steel Balllstie Figweo
Material Gage Limit of Merit® Reference
BRGS0 e
22-ply X155) Fiderglas, 22-ply Vinylite
(.00); alternate layers; molding pressure ,OL7® 1000 103 Tavie V
500 p.s.i.
Doron (Type 1) - R-150 .Ol2e 97N 106 Table 1
Doron (Typs 1) - B-166 Olios 984 107 Table I
Doron (Type 1) - R-113 Ol 1104 11b Table I
Doron (Type 1) - R-123 .Ol4ge 1098 14 Table I
Dorsn (Type 1) - R-LONJ .ou1e 1037 1k Table I
Doron (Type 1) - R-1U47 Ol 1060 115 Table I
Doron (Type 1) - R-LOkd .0Loe 10l 116 Table I
Doron (Type 1) - R-159 .Olijn 1105 118 Table I
Doron (Type 1) - R-124 .0l5e 1117 118 Table I
Doron (Typs 1) - R-117 .0l3e 1104 119 Table I
Doron (Type 1) - R-14§ 041 1105 121 Table I
Doron (Type 1) - R-116 Ol e 1152 121 Table I
Doron (Type 1) - R-120 Ok 1162 121 Table I
*Pigure of morit determined from tha forwula: ;:‘:;__’_m.i

whers Tsyp is the ballistic limit ¢ the sudbject sample and VEip is the

ballistic limit characteristic of samples of Hadfield mangansse steel of
equivalent waight,




TABLE X

e s

Comparative Resistance of Various Samples of Laminates to Perforation

by Cal. .22 Fragment-Simulatirg Projectils, G-2

Bquiv. Cal. .22
Steel iistic
Katerial Gauge Linit  of Merit® Reference
J=Decker: & pglzf’;ﬁm%:;“‘ APW  ouoe 670 42 Table IV
I-Docker: &-ply xio;;hl?:::n; 2-ply ¥ylon  guge 1% us Table IV
23-ply BCC-128 Fiberglas; 23-ply Saran
screen (velon); alternate layers; melding .Ou3® 1025 62 Tadle V
prassure 500 p.s.i.
*X® Panel .051% - ,06u4® - OGNS LOUgn 1093 64 Table YIII
4O-ply ECC-128 Piberglas coated with 10%
T19 P.Y. Butyral on both sides, complete .OL3e 1078 66 Table ¥
penetration; molding pressurs 500 p.s.i.
*k® Punel - 064" - ,051¢ - ,051® 050" 1170 67 Table VIII
"L% Pape) -~ .051% - OG® - .OGNhe .Olge» 1167 67 Table VIII
*I® Panel - .OUO® - ,064% - ,OEN® .Ol5e 1128 67 Tuble ¥ilY
9X® Panel - .0HO® - 064" - 06N .clgw 1128 87 Table VIII
®X® Pangl - .O64® - ,051% - .051e 051 1203 68 Table YII1
sXs Panel - ,O4O® - ,O6h* - 06w .05 1143 68 Table VIII
*K*® Panel - .OLO® - ,064® - .0Ghe LOl5e 1198 70 Table YIII
*k® Panel - .051® ~ .054s - 0G4® 0509 1263 72 Table VIII
“K* Panel - .051% - .OGH® -~ ,O6N® .0ge 12455 12 Table VIII
SXo Panel - .0LO® - OGNS - .OGhe .Olie 1175 12 Table VIII
“k® Panel - .OGH® - .0518 ~ ,051® .Okge 1287 T Tadle YIX
®L® Panel - .O64® - ,0518 - ,05)1° 0500 1318 15 Tadle VIIZ
*Ks Panel - .051% - 0648 - ,O6N® 0508 133 16 Zable Y11
Dorea (Type 1) - R-116 Olis5e 1293 mn Tadle i
Doron (Type 1) - R-166 .Ol2e 1283 19 fabls X
Doron (Type 1) - R-113 Ol7e 1345 19 Tadle I

e g,




TABLE X (CONT'D)

Equiv. Cal. .22
Stesl Paillstic Figure
Material Gauge Limit of Merit® Reference
’K* Panel .C72" - .051% - 051" .05 1327 19 Table YII
"X® Panel .051% - .062" - .062* Mo T 1350 g0 Table VI
"X® Panel .0MO* -~ 062" - .062% .Olse 1332 80 Table YII
"L® Panel .O6U* - .051% - 051" 051" 1408 80 Table ¥YII
*X* Panel .072* - .051" - .051* .051° 1425 & Table VII
Doron (Typs 1) -~ R-150 .Oly2w 1370 84 Table I
Doron (Type 1) - R-123 o 7o) 1430 85 Tadlie I
Doron (Type 1) - B-124 .0lse 1443 86 Table I
Doron (Type 1) - R-kOkd .OhOn 1320 86 Tadle I
“X® Panel .051% - .N62% - 0629 0463 1480 88 Table VII
Doron (Type 1) - B-UOW .ol » 1460 30 Table I
Doron (Type 1) - B-148 .0l 1478 92 Table 1
*Pigure of merit determined from the formla, SB = %, uhere vy e the

Yiap
tallistiz limit of a subject sample and Vgap is ko daullistic 1imit characteristic
of samples c¢f Hadfield manganeze steel of equiralent weight.

s e




TABLE X1

Average Yigures of Merit of Various Classes of

Laninstee with Resvect to Their Resistance to

Psrforation by Cal. .45 Ball Projectiles

Average Figure

Moteriad Ko. Tested of Kerit
Doron (Type 1) 13 116
Piderglas (X1551) 19 g7
*X" Panels (Table VII) 6 g7
*K® Ponels (A11) 19 [
*X® Panels (Table YIII) 13 72
Duck 2 55
Rubber Combinations 5 kg




TABLE XII

Average Tigures of Mezit « 9{_]_&;10110 Classer _9_{

Laminates with Respect to Their Resistance to

Perforation by the Cal. .22 Fragment-Simulator, G-2

Mater!ial

Doron (Typse 1)

%K* Panels

Pidverglas ECC-138

Rubber Comdinatioms

Average Figure

Ho. Tested of Morit
9 g4
20 13
2 6l
2
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